Methods
This was a retrospective, single-center, observational study including all adults with T1D who initiated CSII between 2001 and 2014. We excluded those with <12 months followup; those without a documented CSII start date; those without information on BP levels or/and therapy; those receiving treatment for postural hypertension and those that were pregnant. Electronic and paper records were used for data collection. Mean systolic (SBP) and diastolic (DBP) blood pressure levels were calculated from all BP measurements obtained up to 15 months before and up to 15 months after CSII initiation. BP was measured using validated automated monitors used in hospital practice. BP was measured seated after a period of rest.
Data on the whole cohort are presented along with data from subgroups (1) not receiving antihypertensive treatment at baseline who remained off antihypertensive treatment (antihypertensive treatment-naïve patients) and (2) receiving stable antihypertensive treatment without any changes either to the kind or the doses of antihypertensive medications during the follow-up period.
Data presented are mean (95% CI). Changes in SBP and DBP (post minus pre CSII values) were assessed by paired samples Student's t-test. Factors associated with BP change were assessed by linear regression. The association between use of antihypertensive medication and BP changes was evaluated by univariate analysis of variance. The statistical analysis was performed using SPSS version 20.0 (IBM, Chicago, IL).
Results
Data from 436 adults were included: 46% male; mean (95% CI) age: 45 (36, 54) years, duration of diabetes: 20.3 (19.1, 21.5) years (Table 1) . The proportions (numbers) in different treatment categories were: antihypertensive treatment-naïve 64% (n = 279); receiving stable antihypertensive treatment 27% (n = 118); and undergoing changes to antihypertensive treatment 9% (n = 39). Regarding the latter group of patients who underwent changes, 4 patients, who were not on any antihypertensive medication at baseline, started antihypertensive medication during follow-up; 3 patients on antihypertensive medication at baseline discontinued this medication during follow-up; in 13 patients on antihypertensive medication at baseline this medication was intensified during follow-up either by increasing the dose of existing medication or by adding a new drug; in 9 patients on antihypertensive medication at baseline this was deescalated during follow-up either by decreasing the dose of existing medication or by removal of one or more drugs; in 10 patients on antihypertensive medication at baseline, there were changes in the antihypertensive medication mostly due to intolerance or side effects. We analyzed 1663 BP readings; the mean number of readings per individual was 2.1 (2.0, 2.2) pre-CSII and 2.5 (2.4, 2.5) post-CSII.
Patients receiving stable antihypertensive medication had higher baseline SBP levels compared to treatment-naïve group (132 [129, 134] Changes in BP in association with CSII initiation are summarized in Table 2 . The most noticeable change in BP was observed in patients receiving stable antihypertensive treatment who exhibited reductions in SBP of 4 mmHg and DBP of 2 mmHg (both P < .001). In this group the proportion of patients with SBP >130 mmHg and/or DBP >80 mmHg, dropped from 59% pre-CSII to 39% post-CSII (P < .001; Figure 1 ). In the antihypertensive treatment-naïve group, whose mean BP levels were in the normal range at baseline (124/70 mmHg), there was no significant change in mean SBP (−1 [−2, 0] mm Hg; P = .147) and there was a small change in mean DBP (−1 [−2, 0], P = .002). In this group there was a nonsignificant reduction in the proportion of individuals with SBP >130 mmHg and/or DBP >80mmHg (28% pre vs 23% post CSII, P = .24). The reductions in HbA1c were similar among all groups whilst no significant association with weight change was noted (Table 3) . Regarding the impact of the number of BP measurements recorded per individual, we run an analysis examining the group of patients with pre-and post-CSII number of BP readings ≥2 and the group of patients with pre-and post-CSII number of BP readings ≥3 and the patterns that we obtained were similar (data not shown).
Multivariate linear regression was used to assess whether age, sex, duration of diabetes, pre-CSII BP values, or changes in HbA1c or weight predicted changes in BP (Table 4) . Only pre-CSII BP was found to have a strong independent association with BP reduction in all of the patients' groups. In the whole cohort, higher pre-SBP was strongly associated with greater SBP lowering (β coefficient [standard error]: −0.438 [0.040], P < .001) and similarly higher pre-DBP was strongly related to greater DBP lowering (β coefficient [standard error]: −0.413 [0.036], P < .001). A trend of an association between sex and BP reduction was noted with larger drop of BP noted in females.
Finally, we were interested to know whether BP lowering with CSII was greater in those taking stable antihypertensive therapy compared to those who were treatment-naïve. In a univariate analysis of variance that combined these group, the reductions of SBP and DBP in those taking antihypertensive medication were significantly greater than in those not taking antihypertensive medication (Table 5 ). However, after adjustment for pre-CSII BP values there was no significant difference in BP reductions between these two groups. 
Discussion

Main Findings
In this retrospective analysis, we found a reduction in SBP and DBP after initiation of CSII in a large cohort of adults with T1D. The changes in BP, especially regarding SBP, were mostly driven by the changes noted in the group of patients receiving stable antihypertensive treatment. In this group mean SBP and DBP reductions were −4 and −2 mmHg and the proportion with SBP >130 mmHg and/or DBP >80 mmHg dropped from 59% to 39% post-CSII.
Prior Studies
As far as we are aware, no dedicated study has focused on assessing blood pressure changes occurring in association with CSII therapy. In previous studies CSII or sensor augmented pump (SAP) therapy have been shown to independently reduce albumin excretion rate when compared to MDI after adjustment for HbA1c and BP. 4, 5, 7 In these studies no significant changes in mean/medial values of BP on CSII are reported. However no paired data analysis was performed and analysis has not taken into account changes in the status of hypertensive treatment during follow-up. In a small pediatric cohort study assessing changes in vascular function with CSII therapy a reduction of BP at 3 weeks was reported but this reduction was not maintained after one year. 8 The small sample size of the study certainly limits its ability to demonstrate significant BP changes. In a recent large observational study from the Danish Adult Diabetes Registry, CSII users found to have lower SBP compared to MDI users but the difference was no longer statistical significant after adjustment for sex, age, duration of diabetes, smoking, body mass index, and use of lipid-lowering and blood-pressure-lowering medication. 9 The lack of paired data before and after CSII is obviously a major limitation to draw conclusions regarding the effect of CSII on BP.
Mechanistic Insights
a. Several studies have shown that when compared to MDI treatment, the total daily insulin dose is ~10-20% lower with CSII. [10] [11] [12] Lowering the insulin dose could lower BP because insulin is known to have direct effects on the kidney resulting in sodium retention and it can also increase circulating levels of norepinephrine. [13] [14] [15] These BP lowering effects may be particularly relevant in hypertensive salt sensitive individuals. A decrease in the sodium pool could also lead to decreased intraglomerular pressure which could bridge the results of our study to those showing a beneficial effect of CSII on albumin excretion rate. 4, 5, 7, 16 b. The effect of glycemic variability on the vascular bed has been a field of growing interest. Blood glucose variability has been shown to be less on CSII than on MDI. 17 CSII has been found to be associated with lower levels of arterial stiffness when compared to MDI and this effect was independent to HbA1c level. 18 Thus the effect of a more stable glycemic control on the vascular system might be another factor underlying the modulation of BP by CSII. A study with acquisition of continuous glucose monitoring data pre-and post-CSII treatment would be helpful to investigate this further. c. Another potential explanation is the possibility of an improved adherence to treatment following initiation of CSII. CSII initiation is accompanied by an intense medical/nursing input and patients are commonly motivated on trying a new start in their diabetes management. These factors may result in a better adherence to their medication. We can only speculate that this factor could help to explain the higher drop in BP observed in the group under antihypertensive treatment compared to the antihypertensive treatment-naïve group. However we should note that after adjustment for pre-CSII BP values there was no significant difference in BP reductions between those on antihypertensive treatment and antihypertensive treatment-naïve patients. 
Clinical and Research Implications
Our study highlights potentially important clinical benefits of CSII therapy on BP levels especially in those with preexisting hypertension (with BP lowering ~4/2 mmHg). Our data are supported by plausible mechanistic explanations. Future clinical trials involving CSII/SAP should be designed to include an assessment of BP ideally assessed using ambulatory devices and for there to be embedded research on potential mechanisms of benefit.
Strengths and Limitations
Our study has several strengths: First, this is the first study dedicated to this research question. Second, we studied a large cohort of CSII-treated T1D patients with detailed information on BP therapy. The latter factor is particularly important because alterations in antihypertensive therapy could be a major confounder in such an analysis. Third, we stratified patients based on their antihypertensive therapy status. Fourth, we chose to study within-person BP changes so that patients acted as their own control. This study design improves statistical power and may reduce bias compared to a two-cohort parallel design observational study since patients identified for CSII therapy may be intrinsically different to those not CSII-treated. Fifth, changes in the status of antihypertensive treatment took place only in a limited number of patients (39 out of 436). Moreover, the number of cases that antihypertensive treatment was initiated or intensified was balanced to the number of cases that medication was discontinued or deescalated. Thus the effect of this group in the outcomes of the total cohort is expected to be a limited one. We acknowledge some limitations. First, this was a retrospective study. However, our case finding and data collection processes may have protected us from bias. Case ascertainment was based on computer records of consecutive patients and we included all those satisfying prespecified selection criteria. Data used are part of our routine clinical record and therefore there are limited opportunities for reporting bias. We did however rely on clinicians to accurately record changes to a treatment in our records. Second, this was a single-center study, which could potentially limit the generalizability of our findings. However, we have one of the largest cohorts of CSII-treated patients in the United Kingdom and our practice is in line with national guidance. Finally, we have no data regarding total insulin dose, glycemic variability, and albumin excretion rate.
Conclusion
We showed BP reduction in association with CSII therapy particularly in those with preexisting hypertension (higher BP levels). These original findings may partly explain the beneficial effects of CSII therapy on CV morbidity/mortality and microvascular complications in other studies. Our findings should be replicated in clinical trials that include mechanistic evaluations specially regarding the role of insulin dose and glycemic variability alterations.
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